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Abstract. A practical and convenient approach for making paraffin wax microspheres with a melt
dispersion technique was reported in this study. Surfactants were melted in water by water bath and then
added to a flask after the wax was completely melted with stirring. Paraffin wax microspheres were
generated by cooling. The obtained microspheres exhibited uniform diameters in the range of 10-60 mm
observed with a scanning electrical microscope and were mainly dependent on the surfactant ratio.
Encapsulated microcrystalline cellulose particles with the previously mentioned conditions were also
generated and demonstrated the possibility of encapsulating microcrystalline cellulose with some acceptable
agglomeration, although some encapsulated individually. Encapsulation of cellulose could be beneficial if
agglomeration could be minimized and the encapsulated microcapsules could be dispersed during blend-
ing for wood composites manufacture.
Keywords: Wax microsphere, microcapsule, melt dispersion, cooling phase separate,
microcrystalline cellulose.
INTRODUCTION
Much research has been performed in the medical
field of the encapsulating technique, which is a
simple and effective method to distribute drugs in
a time-released fashion. The benefits of encapsu-
lation include protection against oxygen, heat,
and light (Uddin et al 2001; Cahill et al 2002),
controlled evaporation and release (Solomon et al
2012), coverage of unpleasant odors (Schrooyen
et al 2001), and improvement of material
appearance. Other fields include the food, feed,
chemical, drug, makeup, materials industries
(Sánchez-Silva et al 2012), etc. Optimization of
shell material is an important research area
because the final microscopic size and surface
or interface area needs to be well controlled for
final product performance (Umer et al 2011).
Waxes are common materials that are currently
used in the forest composites industry for addi-
tional moisture resistance and consequently
acceptable panel dimensional stability. Other
significant advantages across a broader array
of industries include superior reproducibility
without special instrumentation, lower produc-
tion costs, good long-term stability under stor-
age conditions, and environmental friendliness
(Kamble et al 2004). For wood composite appli-
cations, there is also the benefit of good flow
properties and uniformity after preheating to
melt temperature. Many reports focus on their
applications, for example on preparation of
microcapsules for self-healing curing agent of
thermoset resins (Rule et al 2005), decreased
rate of water flow in material capillaries (Lesar
and Humar 2011), and significant increases in
the dimensional stability under wet conditions
(Kurt et al 2008). In addition, wax additives
were incorporated into aqueous wood preserva-
tives to decrease cracking and improve the
appearance of treated wood when exposed out-
doors (Evans 2009).
The potential to use wax microspheres in wood
composites has not been explored. A potential
application of wax microspheres could be the
encapsulation of cellulose for composite appli-
cations. Recent investigations have found cellu-
lose agglomeration during dispersion resulting
in limited improvements or even decreases in
particleboard mechanical properties, which was
perhaps caused by spring-back shearing forces
at the cellulose–adhesive–wood interface after
pressing (Atta-Obeng et al 2012). Conversely,
when cellulose was properly dispersed and
tested in a neat phenol–formaldehyde matrix,
significant improvements in polymer mechanical
properties occurred (Atta-Obeng et al 2013).
This suggests that significant benefits for the
wood composite industries may be possible, but
dispersion issues in the manufacturing process
will have to be overcome.
Hence, to investigate the effect of process
parameters on the size and properties of spheres
as well as to further investigate the encapsula-
tion of cellulose for wood-based composites, we
chose paraffin wax. A practical and convenient
approach for making microspheres by melt dis-
persion was reported in this study. This strategy
is based on the melting of wax and combining
with water to form an emulsion with stirring.
Solidified spheres were then obtained by cooling
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in cold water or an ice bath, and the spheres
were observed under an optical and scanning
electrical microscope (SEM). Finally, the pro-
cedure was validated in the presence of micro-
crystalline cellulose (MCC) in which cellulose
particles were encapsulated. The shape and size
of the encapsulations were controlled by dialing
in the proper ratio of surfactants.
MATERIALS AND METHODS
Paraffin wax (purchased from Gulf Oil Corpora-
tion, Houston, TX) microspheres were produced
by a modified microcapsule synthesis method
(Herbig et al 1965) consisting of melting con-
densation and dispersion in water. Typically, the
temperature of the thermostat water bath was
first adjusted to 70C, which was 5-10C higher
than the melting point of wax. About 100 mL of
solution containing water and two surfactants
(Span 60 and Tween 40, purchased from VWR
Chemical Co., Radnor, PA) were then placed in
a common flat flask and stirred with a magnetic
stirrer. The ratio of Span and Tween was marked
as S:T ¼ 7:3 for 0.35 g Span and 0.15 g Tween.
Two ratios of Span and Tween (8:2 and 7:3) were
chosen because they were the best ratios to make
large and small wax spheres. Subsequently, the
dispersion was emulsified and stirred at 1000 rpm
for 5 min after 10.0 g of paraffin wax was added
to the flask and melted completely in a 70C
water bath. To solidify paraffin wax spheres,
the next step consisted of adding cold water or
placing the flask into an ice bath while maintain-
ing mechanical stirring. Finally, the paraffin
wax microspheres were collected by filtration
with No. 2 filter paper and washed three times
with water or ethanol.
The MCC (purchased from VWR Chemical Co.,
Radnor, PA) had an average diameter of 90 mm.
The paraffin wax microcapsules were obtained
by mixing the MCC with paraffin wax and sur-
factants while maintaining the temperature at
70C coupled with continuous mechanical stir-
ring. A mixture containing 10.0 g paraffin wax
and 0.5 g surfactants with different ratios was
placed in a beaker and then stirred at 1000 rpm
for 5 min after the mixture was melted completely
at 70C. Then cellulose coating was performed
by adding 40 g MCC to the mixture, maintaining
the stirring at 1000 rpm, and keeping the temper-
ature at 70C for 10 min. Finally, the temperature
was decreased to room temperature and the mix-
ture was cooled with stirring at 300 rpm. All final
products were observed by an optical microscope
(BX 53 system; Olympus, Tokyo, Japan) and
SEM (EVO 50VP; ZEISS, Jena, Germany).
RESULTS AND DISCUSSION
Figure 1 shows SEM images at different magni-
fication and the different ratios of Span and
Tween surfactants, 8:2 and 7:3, respectively.
Other ratios were explored, but these ratios
yielded the greatest differences in wax particles
size. The images show that sphere size was
dependent on surfactant ratio. The diameter of
the obtained microspheres could be tuned from
an average of 10-60 mm by altering the surfactant
ratio. This size range could be useful for many
material applications, especially for wood-related
composites manufacture and other wood-based
products. One example is adding in liquid resins
for spraying to increase composite water resis-
tance (Wang and Xing 2010). For example, a
ratio of 8:2 was necessary for larger spheres
(Fig 1a-b), whereas a ratio of 7:3 yielded smaller
particles (Fig 1c-d). With increasing S:T ratios,
final spheres were larger in size and wider in size
distribution. The microsphere sizes were 10-
60 mm, but most of them were about 20-30 mm
at the S:T ratio of 8:2 (Fig 1a-b). Although the
sizes ranged from 10 to 34 mm, most sizes were
approximately 10-20 mm at the ratio of 7:3
(Fig 1c-d). One possible reason for the bigger
size might be that the emulsion droplets agglom-
erated into larger drops. The images demon-
strated that the spheres were fairly standard,
exhibited a smooth surface, and lacked agglom-
eration. Also, for a simple and versatile method,
there was minimum difference in sphere size and
appearance for a specific S:T ratio treatment.
These results indicated that it is possible to con-
trol the melt dispersion technique to manufacture
different-sized paraffin wax microspheres.
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Figure 2 demonstrates that the encapsulating
method was successful and yielded large quan-
tities of encapsulated cellulose particles with
little change in length. These insulated particles
could be useful for many hydrophobic adhesive
and coating applications. There were some cel-
lulose agglomerations within a particle, but this
appeared minimal and is probably acceptable
Figure 1. Scanning electron microscope images for paraffin wax microspheres with different surfactant ratios: (a-b) 8:2
and (c-d) 7:3.
Figure 2. Optical microscope images of encapsulated cellulose particles by wax and surfactants with different ratios:
(a) 8:2 and (b) 7:3.
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for many wood product applications. For the
surfactant ratio of 8:2, almost all MCC particles
were completely coated (Fig 2a). Conversely,
at 7:3, some MCC particles were not totally
encapsulated, whereas others were well encap-
sulated. Also, the wax-covered percentage of
MCC particles can be estimated from the
images (Fig 2b). These images suggest that the
parameters used during the synthesis of smaller
paraffin wax microspheres were also suitable
for the enclosure of isolated cellulose particles.
CONCLUSIONS
This study examined a cost-effective technique
for making paraffin wax microspheres using the
melt dispersion technique and modifying the
surface properties of MCC by an encapsulated
approach and with the help of surfactants. SEM
and optical images demonstrated that this
method yielded large quantities and high unifor-
mity of microspheres with diameters ranging
from 10 to 60 mm depending on the different
surfactant ratios. The present method for pro-
ducing microspheres does not require special
or professional apparatus and equipment. This
study demonstrated that a target encapsulation
morphology can be achieved through precise
control of surfactant ratio. For example, to
completely encapsulate MCC particles with big
sphere sizes, a Span and Tween surfactant ratio
of 8:2 was required, whereas partly encapsulated
MCC particles were achieved at a Span and
Tween ratio of 7:3. This process has many
advantages, eg natural and nontoxic, environ-
mentally friendly, changeable size for different
applications, and easy process. The approach
appears especially suitable for those industrial
applications for which large quantities of paraffin
wax microspheres or microcapsules with wax
as shell materials are required.
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